Oxidative changes in hypoxic rat heart tissue.
Reactive O2 species appear to be generated both during hypoxia and at reoxygenation, but it has not been established whether these species interact with heart tissue and cause injury. Oxidative changes were evaluated in isolated rat heart perfused with Krebs-Henseleit medium containing 10 mM glucose and 2.5 mM calcium. After 5-10 min hypoxia, tissue glutathione (GSH) decreased while glutathione disulfide (GSSG), protein carbonyls, and thiobarbituric acid reactive substances (TBARS) increased compared with controls. Similarly, sarcolemmal and sarcoplasmic reticular Ca-ATPase activity (an enzyme susceptible to oxidative inactivation) decreased in response to 10 min hypoxia. These changes were more pronounced after 60 min of hypoxia when protein-GSH mixed disulfides were also increased. There were no further oxidative changes after 4 min reoxygenation when the release of lactate dehydrogenase (LDH) was maximal. Myocardial protein thiol and alpha-tocopherol contents were not significantly changed by either hypoxia or reoxygenation. Mitochondria also exhibited oxidative changes but with more pronounced increases in GSSG and mixed disulfides. There was no change in GSH or GSSG efflux into the coronary effluent during hypoxia, although, in parallel with LDH release, both increased after reoxygenation. Diamide (200 microM), t-butylhydroperoxide (20 microM), or purine (2.3 mM) + xanthine oxidase (0.01 U/ml) were infused for 10 min. Except for large diamide-induced changes in protein thiols and mixed disulfides, the magnitude of the changes produced by these oxidants was similar to those produced by hypoxia. These data show that changes consistent with oxidative processes occur in whole heart and mitochondria in response to hypoxia. The absence of marked signs of oxidation at reoxygenation suggest that enzyme release at this time is unrelated to oxidative stress.